were conducted in Earth gravity and microgravity to acquire quantitative data on near field flow structure of helium jets injected into air. Microgravity conditions were simulated in the 2.2-second drop tower at
The test sequence wasautomated by dataacquisitionandcontrol systemsresidenton the computer.First, the computerfans wereturnedoff to minimize flow disturbances.
Then, the solenoidvalve was activatedto turn on thejet flow. After the flow reached steadystate,the frame grabberwasinitiated to acquirethe color schlierenimages.Next, the experimentwasreleasedto simulatemicrogravityconditionsin the droptower. After the impact, the computerfans were turnedon and the gas supply was cut off. After retrieving the drop rig, the image data weretransferredfrom computermemory to an externaldata-storage device.For eachexperiment, the schlierenimageswereacquiredfor about1 secondin Earthgravity and2 seconds in microgravity.
SchlierenAnalysis
The angulardeflectionof a light ray by anaxisymmetricrefractiveindex field is given for smalldeflectionsby the following relationship:
)'
where 5 = (rl-1) is the refractive index outside the contour level '1' (i.e., _=0.0002 radian) in Fig. 4(a) . Results show that the jet diffuses radially to r/d>0.7 near the tube exit. Subsequently, the jet width remains nearly constant in the flow direction. Evidently, the radial spread of the jet shear layer between helium and air was countered by the buoyant acceleration of the core region. In Fig. 4(b) , the angular deflection near the jet exit region up to z/d=l.0 is higher than that in the downstream region. This is explained by the higher concentration gradients near the jet exit as shown in Figure  5 . Evidently, the helium concentration in the center region decreased in the axial direction even though the jet did grow radially. Figure 5 suggests that the flow in the core region accelerates to satisfy the mass conservation of helium issuing from the jet.
The evolution of the jet as it undergoes microgravity conditions in the drop tower is shown by a sequence of contour plots of angular deflection and helium mole percentage, shown respectively, in Figure 6 and 7. With change from Earth gravity to microgravity, the jet widens instantly at the exit region, where steady conditions are reached within 1/5s (see Fig. 6c and 7c ). The flow continues to evolve in the axial direction as the jet widens throughout the field-of-view. The jet width in microgravity is higher than that in Earth gravity by 35 percent at z/d=0.3 and 70 percent at z/d=3.0. Table  l , the jet exhibited periodic oscillations of the flow field. Figure  10 shows contour plots of the helium mole percentage obtained from a sequence of schlieren images to depict an oscillation cycle. Eachcontourplot is 1/60thof a secondapart.The field-of-view in the axial directionwas limited to z/d=l.6 becauseof the larger tubediameter(d=31.75mm).
Resultsshowthatthe helium molepercentage variedthroughout the flow field duringthe oscillation cycle. In Fig. 10(a) ,the radial inflow of heavierair compresses the jet core region until aboutz/d=0.35. This process continues in the next Figure 10(b show that the near exit jet region expands as the vortex convects downstream of the fieldof-view.
The cycle repeats itself with radial inflow of air compressing the jet core region as shown in Fig. 10(f) . The contour plot in Fig 10(f) is similar, though not identical, to that in Fig. 10(a) suggesting that the oscillation frequency is approximately 12Hz. This is confirmed by frequency power spectra of angular deflection at several locations shown in Figure  11 . The power-spectra reveal a dominant frequency of 12.2 Hz at all locations suggesting a global flicker frequency as discussed by Richards et al [11] .
The evolution of the jet flow structure with change in gravity is depicted in Fig. 12 by a sequence of contour plots of helium mole percentage. In Fig. 12(a) , the jet is compressed by radial inflow of surrounding air in Earth gravity. A vortex is present at z/d=l.3 immediately after the drop is initiated, as shown in Fig 12(b) . At this time, the jet has expanded radially near the exit region. The vortex is still present in Fig. 12 (c) at t=2/60s after drop initiation and the jet expansion continues in the exit region.
Subsequently, the jet continuesto expandradially even though the vortex has moved awayfrom the view-of-view. Thus,the radialcompressionof thejet nearthe exit region and the flow field oscillationsare not observed.Similar to Fig. 7(f) , the helium mole percentage contoursin microgravityarestraightlines reminiscent of typical non-buoyant jets. In microgravity,thejet width exceeded the field of view of the schlierenapparatus.
In the absenceof a referencepoint in the surroundingmedium (air), systematicerrors wereintroducedduring the Abel inversionprocess. This explainsthe contours lines in Figure 14 shows that the inner jet region expandsprior to the outer region. Oscillations are observedin the initial period of microgravity,especiallyin regionswith higher helium mole percentagein Fig. 14. However,both the oscillation frequencyand amplitudeare small.Resultsindicatethatthejet reaches steadyconditionswithin t=l.0s.
Further understanding of the jet flow during transition from Earth gravity to microgravity is gained from Figure  15 showing helium mole percentage profiles at different axial locations for r/d=0.6. Near the jet exit at z/d=0.5 (Fig. 15a) b_stitute, vol. 28, pp. 1997-2004. 18.
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